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SYNTHESIS OF CHEMICAL GELS FROM POLYELECTROLYTE 



POLYSACCHARIDES BY GAMMA- IRRADIATION 



OBJECT OF THE INVENTION 

The present invention is directed to a method for 
the synthesis of chemical gels or hydrogels by gamma - 
irradiation, starting with polyelectrolyte 
polysaccharides, such as alginic acid, hyaluronic acid 
and the esters thereof. The present invention is also 
directed to the chemical gel or hydrogel produced by 
this method. Gels synthesized by the described method 
can be used as slow release systems for drugs. 

FIELD OF THE INVENTION 

Gels for pharmaceutical use are generally prepared 
from polymers by chemical means, such as by cross - 
linking the polymeric chain. 

A method has previously been described in the 
literature, whereby it is possible to obtain chemical 
gels by gamma- irradiation, starting from water-soluble 
polymers such as dextran and gelatin ("Preparation and 
Characterization of Enzyme -Digestible Hydrogels from 
Natural Polymers by Gamma-irradiation" , K. Kamath and K. 



Park, ACS Symposium Series, 545, 55-65, 1994) . 
According to the procedure described in the Kamath et al 
article, when polymers are f unctionalized with glycidyl 
acrylate to, introduce double bonds into their polymeric 
structure, and exposed to gamma -irradiation, they give 
rise to chemical gels. 

It has not yet been possible, however, to apply 
this method to polyelectrolyte polysaccharides. Indeed, 
it is well known that exposure to gamma -irradiation can 
lead to degradation of the polymeric chain with 
consequent loss of viscosity ("The radiation- induced 
degradation of hyaluronic acid", D. Deeble, G. 
0' Phillips, E. Bothe, H. P. Schuchmann and C. von 
Sonntag, Radiat . Phvs . Chem . . vol. 37, N. 1, 115-118, 
1991) . 

SUMMARY OF THE INVENTION 
Accordingly, it is an object of the present 
invention to provide a method for synthesizing chemical 
gels from polyelectrolyte polysaccharides using gamma- 
irradiation. 

It is another object of the present invention to 
provide a chemical gel . or hydrogel product which is 
biocompatible and which constitutes polyelectrolyte 
polysaccharide chains crosslinked using gamma - 
irradiation. 

These and other objects of the present invention 
are fulfilled by providing a method for synthesizing 
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biocompatible chemical gels or hydrogels which includes 
reacting polyelectrolyte polysaccharides with a 
functionalizing agent in order to introduce double bonds 
into the structure so as to produce f unctionalized 
5 polyelectrolyte polysaccharides; and subjecting the 
functionalized polyelectrolyte polysaccharides to gamma- 
irradiation in order to produce the chemical gels. 

BRIEF DESCRIPTION OF DRAWINGS 
Figures 1, 2 and 3 show the conditions needed for 
10 the formation of gels from alginic acid, hyaluronic 
acid, and the 25% benzyl ester of hyaluronic acid. 

Figure 1 is a graph showing the effect of the 
duration of gamma -irradiation and the effect of the 
concentration of sodium alginate on gel formation. 
15 Figure 2 is a graph showing the effect of the 

duration of gamma- irradiation and of the concentration 
of hyaluronic acid on gel formation. 

Figure 3 is a graph showing the affect of the 
duration of gamma -irradiation and of the concentration 
20 of the 25% benzyl ester of hyaluronic acid (HA-25) on 
gel formation. 

Figure 4 is a schematic diagram which shows in the 
upper portion a representation of the f unctionalization 
reaction between a polysaccharide (PS) with glycidyl 
25 acrylate; and in the lower portion a representation of 
the formation of one type of crosslinkage between two 
functionalized polysaccharides that are subjected to 
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gamma - i rr adia t ion . 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention has made it possible to 
synthesize chemical gels or hydrogels from 
5 polyelectrolyte polysaccharides using gamma- irradiation. 

Polyelectrolyte polysaccharides are natural 
polymeric substances which contain ionic constituents. 
Polyelectrolyte polysaccharides tend to swell when 
placed in water in order to minimize the repulsion 

10 between like positive or negative charges of the ionic 
constituents. These properties result in the so-called 
■polyelectrolyte ,, effect. Examples of polyelectrolyte 
polysaccharides include alginic acid, alginates, 
hyaluronic acid, hyaluronic acid esters including benzyl 

15 esters, polysialic acid, gellan, xanthane, welan, 
pectin, and glycosaminoglycans including condroitin 
sulphates, heparin sulphates, etc., as well as 
derivatives of these polysaccharides. These 
polyelectrolyte polysaccharides contrast with other 

20 natural polymeric substances, such as dextran and 
gelatin, which do not exhibit similar electrolytic 
properties and do not have the same chemical structure 
containing such ionic constituents. 

The functional izat ion of polysaccharides with a 

25 functionalizing agent such as glycidyl acrylate in an 
aqueous medium and at ambient temperature causes double 
bonds to be introduced into the polymeric structure of 



the polysaccharides. Solutions of the polymers, 
purified with an excess of glycidyl acrylate by dialysis 
followed by gamma -irradiation, give rise to chemical 
gels. Indeed, because of the presence of double bonds 
5 and under the effect of the absorbed radiation, the 
functionalized polymers behave like macromolecules and 
like cross-linked products. Gels can, therefore, be 
formed without the addition of any outside cross-linking 
agents and the gels obtained do not need any further 

10 purification ("Preparation and Characterization of 
Enzyme-Digestible Hydrogels from Natural Polymers by 
Gamma- Irradiation" , K. Kamath and K. Park, ACS Symposium 
Series, 545, 55-65, 1994) . 

In order to accomplish the present invention, 

15 important changes have been made to the method of gel 
synthesis by gamma -irradiation as previously described 
for dextran and gelatin ("Preparation and 
Characterization of Enzyme -Digestible Hydrogels from 
Natural Polymers by Gamma- irradiation" , K. Kamath and K. 

20 Park, ACS Symposium Series, 545, 55-65, 1994) . The 
method of the present invention provides for 
acidification of solutions of polyelectrolyte 
polysaccharides which have been functionalized with 
glycidyl acrylate, within a suitable pH range. 

25 Following irradiation, the acidified solutions give rise 
to the formation of gels at lower concentrations of 
polymers and for shorter irradiation times. 



In accordance with the present invention, the 
functionalization reaction for introducing double bonds 
into the polyelectrolyte polysaccharides involved the 
use of an appropriate f unctionalizing agent, such as 
glycidyl acrylate. As schematically illustrated in 
Figure 4, the upper reaction illustrates the reaction 
between glycidyl acrylate and the hydroxy group of a 
polyelectrolyte polysaccharides (i.e. "PS" ) . The 
reaction product results in the introduction of a double 
bond into the structure of the polyelectrolyte 
polysaccharide. This same reaction takes place between 
glycidyl acrylate and the carboxy groups of the 
polyelectrolyte polysaccharide. Figure 4 shows in the 
lower reaction scheme a simplified illustration of the 
functional ized polyelectrolyte polysaccharide containing 
a number M n" of double bonds which is subjected to 
gamma-irradiation in order to form one type of a 
crosslinked structure after the opening of the double 
bonds and the formation of radicals. The resulting 
crosslinks constitute aliphatic chains of a given length 
and result in the formation of gels having a three- 
dimensional structure which exhibits certain strength 
and resistance properties. Since not all of the carboxy 
groups of the polyelectrolyte polysaccharides are 
involved in the formation of ester bonds with the 
f unctionalizing agent, the resulting gels may be defined 
as polyelectrolytes having unique properties including 
a significant dependence on the pH and a significant 
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dependence on the ionic strength of the aqueous medium 
in which the resulting gels are allowed to swell. 

The method of synthesis of gels is conducted using 
solutions of polyelectrolyte polysaccharides at various 
concentrations. For example, the concentration range of 
1-3% w/v may be used for alginic acid, hyaluronic acid 
and benzyl esters of hyaluronic acid with 25% 
esterif ication . 

The solutions of polyelectrolyte polysaccharides 
may be f unctionalized using different quantities of an 
appropriate f unctionalizing agent such as glycidyl 
acrylate, for example in the range of 0.8-1.3 ml/1 g of 
polyelectrolyte polysaccharide . 

Acidification of the polyelectrolyte 
polysaccharides in solution may be performed by the 
addition of a suitable acid, such as citric acid, 
hydrochloric acid or acetic acid, preferably without 
significantly altering the initial concentration of the 
polyelectrolyte polysaccharide . The polyelectrolyte 
polysaccharides axe acidified in a pH range of from 1 to 
6, more preferably a pH range of from 1 to 5, still more 
preferably of from 3 to 6, and most preferably between 
2.5 and 3.5, before being subjected to gamma- 
irradiation. The acidification of the polyelectrolyte 
polysaccharide solution makes it possible to obtain gel 
formation at lower concentrations of the polymer and 
lower doses of irradiation. 
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The polyelectrolyte polysaccharides are subjected 
to gamma- irradiation at a preferable dose range of from 
at least 0.01 to 0.5 Mrad, more preferably from 0.05 to 
0.5 Mrad, and most preferably from about 0.0606 to 0.485 
5 Mrad. The time periods during which the polyelectrolyte 
polysaccharides are subjected to gamma -irradiation is 
generally in the range of from 1 to 8 hours. For 
example, the gamma -irradiation dose may be 0.0606 Mrad/h 
for time intervals varying from about 1 to 8 hours. In 
10 addition to being subjected to gamma -irradiation after 
acidification, the polyelectrolyte polysaccharides may 
also be subjected to direct gamma -irradiation before 
acidification. It is preferable not to increase the 
irradiation dose above 0.5 Mrad because of the 
15 degradation effects that may occur. For example, the 
swelling ratio (Q) of the gels increases at doses of 
gamma-irradiation at 0.485 Mrad which suggests some 
degradation of the crosslinked structure of the gels. 
Also, if the produced gels are intended to be used in 
20 "drug delivery" systems, the use of lower doses of 
irradiation minimizes the possibility of damaging the 
biological activity of the active drug or principle 
incorporated into the gel . 

The gels thus obtained swell when placed in water. 
25 Some of the synthesized gels described below were 
characterized by calculating their equilibrium swelling 
ratio (Q) , based on the weight of the dry gel and that 
which has swollen to equilibrium (W. S. W. Shalaby, K. 
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Park, Pharm. Res., 7, 816-823, 1990). 

It has been found that the formation of gels 
depends on the concentration of the polyelectrolyte 
polysaccharide, on the gamma- irradiation time, and on 
5 the degree of functionalization of the polyelectrolyte 
polysaccharide, this factor being directly linked with 
the quantity of glycidyl acrylate used during the 
functionalization reaction, and on the pH of the 
solution. Figures 1, 2 and 3 show the conditions needed 

10 for the formation of gels, in the case of alginic acid, 
hyaluronic acid and the 25% benzyl ester of hyaluronic 
acid (HA-25) , respectively. The lines in Figures 1-3 
indicate the minimum concentration needed for the 
formation of three-dimensional gels at set gamma— 

15 irradiation times. The areas above the lines represents 
the concentration conditions and irradiation times at 
which the formation of three-dimensional gels is 
possible. The areas below the lines represent the 
conditions in which the gels are not formed. 

20 Regarding the symbols in the Figures, Figure 1 

shows the pH of the solution at pH=3 (block symbol) and 
pH=6 (open symbol); and the quantity of glycidyl acrylate 
used to modify the alginate at 0.8 ml (circle) and 1.3 
ml (square). In Figure 2, the pH of the solution shown 

25 is pH=3 (square) and pH=6 (circle) . In Figure 3, the pH 
of the solutions shown are pH=3 (square) and 
pH=6 (circle) . 
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It has generally been found that by increasing the 
concentration of glycidyl acrylate and that of the 
polymer, it is possible to obtain the formation of gels 
after shorter exposure to gamma- irradiation. However, 
the longer the gamma- irradiation time, the greater the 
concentration of polymer necessary for the formation of 
a gel. This indicates a tendency for the polymers to 
degrade under the effects of irradiation. 

On the other hand, it has been shown that the 
acidification of said polymer solutions leads to faster 
gel formation. When solutions of 1% sodium alginate w/v 
are acidified, they give rise to the formation of gels 
after only 1 hour of irradiation, while higher 
concentrations are necessary for solutions with pH=6 
(2.5%) . The same results were found with low-molecular- 
weight hyaluronic acid and its 25% benzyl ester. The 
polysaccharides mentioned here are polyelectrolytes 
characterized by the presence of carboxy groups . 
Acidification of solutions of these polymers cause the 
formation of inter- and intra -chain hydrogen bonds and, 
consequently, the formation of stronger chemical gels 
following irradiation. 

The acidification of such solutions before 
irradiation, therefore, allows the formation of gels 
with lower polymer concentrations and shorter 
irradiation times, thus avoiding possible degradation of 
the polymer. 
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The gels synthesized according to the methods of 
the present invention can be used in the fields of 
medicine, health care, surgery and cosmetics, as well as 
in reconstructive and cosmetic surgery. For example, 
5 gels in the form of films or membranes can be used in 
various medical fields, such as in ophthalmology, 
dermatology, otorhinolaryngology and neurology, as 
tissue substitutes or organ coatings, as well as in 
tissue and organ transplants. Moreover, the gels can 

10 generally be used as a biocompatible material in cell 
cultures in three-dimensional systems, as well as in the 
form of fibers or threads for surgical suture, or in the 
form of gauzes for wound dressings. The gels of the 
1 present invention preferably include crosslinkage 

15 throughout the entire product such that all the 
polyelectrolyte molecules crosslink to form a single 
chemical entity. 

Another important use for the compounds obtained by 
the method of synthesis of the present invention is as 

20 a controlled release system of one or more active 
principles, such as proteins, growth factors, enzymes, 
drugs or biologically active substances for oral, 
topical, s.c, i.m. or i.v. administration. Indeed, 
according to the dose of gamma- irradiation used, it is 

25 possible to obtain three-dimensional gels for use as 
drug release systems for topical or oral administration, 
or viscoelastic solutions in order to administer by the 
subcutaneous , intramuscular or intravenous routes. 



12 

The biocompatible characteristics of the chemical 
gels or hydrogels of the present invention allows for 
their employment in potential and actual biomedical 
applications similar to those of conventional hydrogels, 
such as coatings for sutures, catheters, IUD's, blood 
detoxicants, electrode Sensors, vascular grafts, 
electrophoresis cells and cell culture substrates; 
homogeneous -type materials including electrophoresis 
gels, contact lenses, artificial corneas, vitreous humor 
replacements, estrous- inducers, breast or other soft 
tissue substitutes, burn dressings, bone ingrowth 
sponges, dentures, ear drum plugs, synthetic cartilages, 
hemodialysis membranes and particulate carriers of tumor 
antibodies; and devices such as enzyme therapeutic 
systems, artificial organs and drug delivery systems. 

The incorporation of the active principle in the 
gel can be achieved either by swelling the dry product 
in an aqueous solution containing the compound to be 
incorporated, or by mixing the active principle with the 
functionalized and purified polymer solution, and then 
by irradiating the same to obtain a gel. This last 
method is particularly useful when large molecules are 
to be incorporated, such as peptides or proteins, which 
would be unlikely to penetrate a gel left to swell in an 
aqueous solution. It is, therefore, important to 
synthesize gels at low doses of gamma -irradiation, so as 
not to alter the biological activity of the incorporated 
drug. The possibility of obtaining gels with low doses 
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of gamma-irradiation, as in the case of acidic solutions 
of the polyelectrolyte polysaccharides used in the 
present invention can, therefore, constitute an 
important advantage for the possible incorporation of 
drugs. Also, the release of the drug from the gel can 
be controlled by the rate of degradation of the 
polymeric matrix. 

Below are some examples of the preparation of gels 
from polysaccharides according to the present invention. 

EXAMPLE It 

1 gr of sodium alginate (medium viscosity) was 
dissolved in 20 ml of deionized, distilled water (5% 
w/v) . To this solution was added 1.3 ml of glycidyl 
acrylate. The reaction was performed at ambient 
temperature while stirring constantly. After 24 hours, 
the reaction was blocked by the addition of 6.5 ml of 
glycine at 20% w/v. The solution was then stirred for 
another 30 minutes, dialyzed for 48 hours in deionized, 
distilled water and lastly centrifuged at 3,000 rpm for 
about 20 minutes. The final concentration of the 
solution proved to be about 1% w/v and the pH was 6 . 
Solutions at concentrations of 1.5, 2, 2.5 and 3% were 
obtained by concentrating to 1% in a rotating 
evaporator . 

The purified solutions of f unctionalized polymer 
were then gamma- irradiated at a dose of 0.606 Mrad/h for 
periods varying between 1 and 8 hours (0.0606-0.4848 
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Mrad) . The minimum concentrations necessary for the 
formation of gels at the irradiation times indicated 
above are reported in Fig. 1. 

EXAMPLE 2: 

1 gr of sodium alginate (medium viscosity) was 
dissolved in 20 ml of deionized distilled water (5% 
w/v) . To this solution was added 1.3 ml of glycidyl 
acrylate. The reaction was performed at ambient 
temperature while stirring constantly. After 24 hours, 
the reaction was blocked by the addition of 6.5 ml of 
glycine at 20% w/v. The solution was then stirred for 
another 30 minutes, dialyzed for 48 hours in deionized 
distilled water and lastly centrifuged at 3,000 rpm for 
about 20 minutes. The final concentration of the 
solution proved to be about 1% w/v and the pH was 6. 
Solutions at concentrations of 1.5, 2, 2.5 and 3% were 
obtained by concentrating the solution to 1% in a rotor 
evaporator. The solutions, at varying concentrations 
were acidified to pH*=3 by the addition of citric acid, 
so as to avoid any significant changes in the initial 
concentration of the polymer. 

The purified solutions of functionalized polymer 
were then gamma -irradiated at a dose of 0.0606 Mrad/h 
for periods varying between 1 and 8 hours (0.0606-0.4848 
Mrad) . The minimum concentrations necessary for the 
formation of gels at the irradiation times indicated 
above are reported in Fig. 1. 



15 

The three-dimensional gels obtained from alginic 
acid were cut (1 cm**) and dried at ambient temperature 
for 24 hours and at a temperature of 60°C for 12 hours. 
The samples, in threes, were weighed dry, left to swell 
in deionized, distilled water until their equilibrium 
had been reached, and then weighed again in their 
completely swollen state. The Q values relative to 1 
and 8 hours of gamma- irradiation were 4.5-5.55 for 3% 
gels and 5.6-6.5 for 2.5% gels. The longer the gamma - 
irradiation time, the higher the Q value. 

example 3; 

1 gr of sodium alginate (medium viscosity) was 
dissolved in 20 ml of deionized, distilled water (5% 
w/v) . To this solution was added 0.8 ml of glycidyl 
acrylate. The reaction was performed at ambient 
temperature while stirring constantly. After 2.4 hours, 
the reaction was blocked by the addition of 4 ml of 
glycine at 20% w/v. The solution was then stirred for 
another 30 minutes, dialyzed for 48 hours in deionized, 
distilled water and lastly centrifuged at 3,000 rpm for 
about 20 minutes. The final concentration of the 
solution proved to be about 1% w/v and the pH was 6. 
Solutions at concentrations of 1.5, 2, 2.5 and 3% were 
obtained by concentrating the solution to 1% in a rotor 
evaporator. 

The purified solutions of functionalized polymer 
were then gamma- irradiated at a dose of 0.0606 Mrad/h 



for periods varying between 1 and 8 hours (0.0606-0.484 8 
Mrad) . The minimum concentrations necessary for the 
formation of gels at the irradiation times indicated 
above are reported in Fig. 1. 

EXAMPLE 4: 

1 gr of sodium alginate (medium viscosity) was 
dissolved in 20 ml of deionized, distilled water (5% 
w/v) . To this solution were added 0.8 ml of glycidyl 
acrylate. The reaction was performed at ambient 
temperature while stirring constantly. After 24 hours, 
the reaction was blocked by the addition of 4 ml of 
glycine at 20% w/v. The solution was then stirred for 
another 30 minutes, dialyzed for 48 hours in deionized, 
distilled water and lastly centrifuged at 3,000 rpm for 
about 20 minutes. After dialysis, the final 

concentration of the solution proved to be about 1% w/v 
and the pH was 6. Solutions at concentrations of 1.5, 
2, 2.5 and 3% were obtained by concentrating the 
solution to 1% in a rotor evaporator. Solutions at 
different concentrations were acidified to pH=3 by the 
addition of citric acid, in such a way as to avoid any 
significant changes from the initial concentration of 
the polymer. 

The purified solutions of functionalized polymer 
were then gamma- irradiated at a dose of 0.0606 Mrad/h 
for periods varying between 1 and 8 hours (0.0606-0.4848 
Mrad) . The minimum concentrations necessary for the 
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formation of gels at the irradiation times indicated 
above are reported in Fig. 1. 

The three-dimensional gels obtained from alginic 
acid were cut (1 cnv*) and dried at ambient temperature 

5 for 24 hours and at a temperature of 6 0°C for 12 hours. 
The samples, in threes, were weighed dry, left to swell 
in deionized, distilled water until their equilibrium 
had been reached, and then weighed again in their 
completely swollen state. The Q values relative to 1 
10 and 8 hours of gamma- irradiation were 4.8-7.25 for 3% 
gels and 6.1-8.21 for 2.5% gels. The longer the gamma- 
irradiation time, the higher the Q value. 

EXAMPLE 5; 

1 gr of hyaluronic acid was dissolved in 20 ml of 
15 deionized, distilled water (5% w/v) . To this solution 
was added 0.8 ml of glycidyl acrylate. The reaction was 
performed at ambient temperature while stirring 
constantly. After 24 hours, the reaction was blocked by 
the addition of 4 ml of glycine at 20% w/v. The 
20 solution was then stirred for another 30 minutes, 
dialyzed for 48 hours in deionized, distilled water and 
lastly centrifuged at 3,000 rpm for about 20 minutes. 
The final concentration of the solution proved to be 
about 1% w/v. Solutions at concentrations of 1.5, 2, 
25 2.5 and 3% were obtained by concentrating the solution 
to 1% in a rotor evaporator. 
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The purified solutions of f unctionalized polymer 
were then gamma- irradiated at a dose of 0.0606 Mrad/h 
for periods varying between 1 and 8 hours (0.0606-0.4848 
Mrad) . The minimum concentrations necessary for the 
formation of gels at the irradiation times indicated 
above are reported in Fig . 2 . 

EXAMPLE fei 

1 gr of hyaluronic acid was dissolved in 20 ml of 
deionized, distilled water (5% w/v) . To this solution 
was added 0.8 ml of glycidyl acrylate. The reaction was 
performed at ambient temperature while stirring 
constantly. After 24 hours, the reaction was blocked by 
the addition of 4 ml of glycine at 20% w/v. The 
solution was then stirred for another 3 0 minutes, 
dialyzed for 48 hours in deionized, distilled water and 
lastly centrifuged at 3,000 rpm for about 20 minutes. 
The final concentration of the solution proved to be 
about 1% w/v and the pH was 6 . Solutions at 
concentrations of 1.5, 2, 2.5 and 3% were obtained by 
concentrating the solution to 1% in a rotor evaporator. 
The solutions at different concentrations were acidified 
to pH=3 by the addition of citric acid, in such a way as 
to avoid any significant changes from the initial 
concentration of the polymer. 

The purified solutions of functionalized polymer 
were then gamma -irradiated at a dose of 0.0606 Mrad/h 
for periods varying between 1 and 8 hours (0.0606-0.4848 
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Mrad) . The minimum concentrations necessary for the 
formation of gels at the irradiation times indicated 
above are reported in Fig. 2. 

The three-dimensional gels obtained from hyaluronic 
acid were cut (1 cnr) and dried at ambient temperature 

for 24 hours and at a temperature of 60°C for 12 hours. 
The samples, in threes, were weighed dry, left to swell 
in deionized, distilled water until their equilibrium 
had been reached, and then weighed again in their 
completely swollen state. The Q values relative to 1 
and 8 hours of gamma -irradiation were 5.5-8.71 for 3% 
gels and 6.62-11.3 for 2% gels. The longer the gamma- 
irradiation time, the higher the Q value. 

EXAMPLE 7: 

1 gr of the benzyl ester of hyaluronic acid, 
partially esterified (25%) , was dissolved in ?0 ml of 
deionized, distilled water (5% w/v) . To this solution 
were added 0.8 ml of glycidyl acrylate. The reaction 
was performed at ambient temperature while stirring 
constantly. After 24 hours, the reaction was blocked by 
the addition of 4 ml of glycine at 20% w/v. The 
solution was then stirred for another 30 minutes, 
dialyzed for 48 hours in deionized, distilled water and 
lastly centrifuged at 3,000 rpm for about 20 minutes. 
The final concentration of the solution proved to be 
about 1% w/v and the pH was 6. Solutions at 
concentrations of 1.5, 2, 2.5 and 3% were obtained by 



concentrating the solutions to 1% in a rotor evaporator. 

The purified solutions of f unctionalized polymer 
were then gamma -irradiated at a dose of 0.0606 Mrad/h 
for periods varying between 1 and 8 hours (0.0606-0.4848 
Mrad) . The minimum concentrations necessary for the 
formation of gels at the irradiation times indicated 
above are reported in Fig. 3. 

EXAMPLE 8: 

1 gr of the benzyl ester of hyaluronic acid, 
partially esterif ied (25%) , was dissolved in 20 ml of 
deionized distilled water (5% w/v) . To this solution 
was added 0.8 ml of glycidyl acrylate. The reaction was 
performed at ambient temperature while stirring 
constantly. After 24 hours, the reaction was blocked by 
the addition of 4 ml of glycine at 20% w/v. The 
solution was then stirred for another 30 minutes, 
dialyzed for 48 hours in deionized distilled water and 
lastly centrifuged at 3,000 rpm for about 20 minutes. 
The final concentration of the solution proved to be 
about 1% w/v and the pH was 6. Solutions at 
concentrations of 1.5, 2, 2.5 and 3% were obtained by 
concentrating the solution to 1% in a rotor evaporator. 
The solutions at different concentrations were acidified 
to pH=3 by the addition of citric acid, in such a way as 
to avoid any significant changes from the initial 
concentration of the polymer. 
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The purified solutions of f unctionalized polymer 
were then gamma- irradiated at a dose of 0.0606 Mrad/h 
for periods varying between 1 and 8 hours (0.0606-0.4 84 8 
Mrad) . The minimum concentrations - necessary for the 
5 formation of gels at the irradiation times indicated 
above are reported in Fig . 3 . 

The three-dimensional gels obtained from HA- 25 were 
cut (1 cnr) and dried at ambient temperature for 24 
hours and at a temperature of 60°C for 12 hours. The 

10 samples, in threes, were weighed dry, left to swell in 
deionized, distilled water until their equilibrium had 
been reached, and then weighed again in their completely 
swollen state. The Q values relative to 1 and 8 hours 
of gamma-irradiation were 4-5.62 for 2.5% gels and 4.6- 

15 5.95 for 2% gels. The longer the gamma- irradiation 
time, the higher the Q value. 

The invention being thus described, it is clear 
that these methods can be modified in various ways. 
Said modifications are not to be considered as 

20 divergences from the spirit and purpose of the invention 
and any modification which would be apparent to an 
expert in the field comes within the scope of the 
following claims. 
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CLAIMS 



1 l. Process for the preparation of biocompatible 

2 hydrogels which includes the following steps: 

3 (a) reacting a polyelectrolyte polysaccharide with 

4 a functionalizing agent in order to introduce 

5 double bonds into the structure of the 

6 polysaccharide and produce a functionalized 

7 polysaccharide ; 

8 (b) acidifying the functionalized polysaccharide 

9 of step (a) ; and 

10 (c) subjecting the acidified polysaccharide of 

11 step (b) to gamma- irradiation in order to form 

12 crosslinked bonds so as to produce the 

13 biocompatible hydrogel. 

1 2. Process for the preparation of hydrogels 

2 according to claim 1, wherein the functionalizing agent 

3 is glycidyl acrylate which is present in an amount of 

4 between 0.8 and 1.3 ml/1 g of the polyelectrolyte 

5 polysaccharide . 
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1 3. Process for the preparation of hydrogels 

2 according to claims 1 to 2, wherein the f unctionalized 

3 polysaccharide in step (b) is purified by dialysis . 

1 4. Process for the preparation of hydrogels 

2 according to claims 1 to 3, wherein the gamma - 

3 irradiation is provided at a dose of 0.0606 to 0.485 

4 Mrad . 

1 5. Process for the preparation of hydrogels 

2 according to claims 1 to 4, wherein the f unctionalized 

3 polysaccharide is acidified in step (b) at a pH of 

4 between 3 and 6 . 

1 6. Process for the preparation of hydrogels 

2 according to claim 1, wherein the polyelectrolyte 

3 polysaccharide is alginic acid. 

1 7. Process for the preparation of hydrogels 

2 according to claim 1, wherein the polyelectrolyte 

3 polysaccharide is hyaluronic acid. 

1 8. Process for the preparation of hydrogels 

2 according to claim 1, wherein the polyelectrolyte 

3 polysaccharides are partially esterified benzyl esters 

4 of hyaluronic acid. 



24 

1 9. Biocompatible hydrogels produced according to 

2 claims 1 to 8 for the preparation of biomaterials for 

3 medical-surgical, pharmaceutical and cosmetic uses. 

1 10. Three-dimensional biocompatible hydrogels 

2 produced according to claims 1 to 9 for the preparation 

3 of membranes, fibers, films, threads and gauzes. 

1 11. Three-dimensional biocompatible hydrogels 

2 produced according to claims 1 to 10 for the preparation 

3 of controlled release systems for active principles such 

4 as proteins, growth factors, enzymes, drugs and 

5 biologically active substances for topical and oral 

6 uses . 

1 12. Biocompatible hydrogels in the form of visco- 

2 elastic solutions according to claims 1 to 9 for the 

3 preparation of controlled release systems for active 

4 principles such as proteins, growth factors, enzymes, 

5 drugs and biologically active substances for topical, 

6 sub- cutaneous, intramuscular and intravenous uses. 



1 

2 
3 



13. Biocompatible hydrogel which comprises 
functionalized polyelectrolyte polysaccharide molecules 
crosslinked by exposure to gamma- irradiation. 
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1 14. Biocompatible hydrogel according to claim 13, 

2 which further comprises an active principle such as 

3 proteins, growth factors, enzymes, drugs and 

4 biologically active substances for topical, sub- 

5 cutaneous, intramuscular and intravenous uses. 

1 15. Biocompatible hydrogel according to claims 13 

2 to 14, wherein the swelling ratio Q value is from 4 to 

3 11.3. 
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